ABSTRACT In a double-blind controlled trial 14 chronic asthmatic patients with regular nocturnal exacerbations took 16 mg slow-release oral salbutamol (two Ventolin spandets), 450 mg slow-release aminophylline (two Phyllocontin Continus tablets), or placebo at midnight. Mean peak expiratory flow rates on waking were significantly higher on the active drugs than on placebo (p<001 for salbutamol; p < 005 for aminophylline) but neither drug abolished the overnight fall in PEFR. Plasma drug levels at 0600 hr were 17-3 ng/ml (+5 3 ng/ml SD) for salbutamol, and 7-1 ig/ml (±3 1 ig/ml SD) for theophylline. Steady-state data derived from plasma levels of salbutamol during intravenous infusion indicated that the morning salbutamol levels were probably in a therapeutic range for asthma. The morning theophylline levels, however, were suboptimal when aminophylline was given only at night.
Early morning wheezing is a common symptom of asthma for which sustained release bronchodilator tablets are frequently prescribed. In normal people a diurnal variation of peak expiratory flow (PEFR) of up to 10% has been obs,erved.1 However, in asthma much larger variations frequently occur, and may sometimes pass unnoticed by the patient.2 These overnight falls in PEFR may continue apparently harmlessly foTr many years or may be associated with deterioration in the overall control of the subject's asthma.3 4 Although slow-release bronchodi-lator preparations are widely prescribed to prevent nocturnal symptoms of asthma, there are few data to suggest the correct dose based on measurement of drug plasma levels. Information is available on the therapeutically effective range of plasma levels of theophylline for acute and chronic asthma, but there is no such information for salibuta,mol. This study was undertaken to investigate the plasma levels of salbutamol and theophylline produced by slow-release oral preparations, and to relate these to the degree of control achieved in chronic nocturnal asthma and Address for reprint requests: Dr AJ Fairfax, Department On the last night of each week on active drug the patients were admitted to hospital overnight. Peak flow measurements were continued in hospital and vitalograph records of FEV1/FVC made at the same time. A blood sample was taken at midnight before the tablets were given, and at 0600 hr. The plasma was separated immediately and deep frozen. Plasma salbutamol was measured by solvent extraction and gas chromatographic analysis.6 Plasma theophylline was estimated by enzyme immnunoassay which is specific for theophylli.ne. 7 Seven of the 14 patients agreed to a further study involving overnight infusion of salbutamol.
This was repeated on a subsequent night in five subjects. Salbutamol was given intravenously in 5% dex,trose at a constant rate of 8lLg/kg/hour by infusion pump over 15 hours. Heart rate was recorded hourly and plasma samples taken to obtain steady-state levels. In four subjects sampling was continued throughout the following day to determine the half-life of the drug.
Results
All 14 subjects completed the four-week study. There was good patient compliance in taking The drug plasma levels for all subjects at midnight and 0600 hr on the seventh day of therapy are shown in fig 2. For salbutamol the mean midnight level was 37 ng/ml (±2 lng/mI SD) and the 0600 hr level was 17-3 ng/ml (+5*3 ng/ml SD). Similarly for theophylline the midnight and 0600 hr values were 2-9 jig/ml (zL 1.7 tg/ml SD) and 7-1 i.g/ml (± 31 pg/ml SD) respectively.
In the seven subjects who received a 15-hour intravenous salbutamol infusion on completion of the four-week study, the plasma levels reached a plateau by six hours and this was maintained until the end of the infusion (fig 3) . At 15 hours the plasma level was 20-3 ng/ml (± 3-2 ng/ml SD). The mean heart rate during the infusions was 974 beats/minute (±10-7 SD). Two patients complained of shaking of the hands and one of palpitation. One person was observed to be mildly euphoric. In four subjects decay curves were determined after stopping intravenous infusion. The data best fitted single exponential curves from which the plasma half-life of salbutamol was found to be 6-0 hours (± 0-1 hours SD).
An analysis of variance was made of each individ.ual patient's PEFR results comparing the morning PEFR values on each drug to those on placebo. At the 5% level of significance two patients responded to salbutamol, three to aminophylline, two to both drugs, and seven to ncither. With salbutamol, the plasma levels at 0600 hr in the 10 non-responders were very similar (mean 17-1 ng/ml) to those of the four Slow-release oral salbutamol and aminophylline in nocturnal asthma responders and there was no apparent relationship between the drug plasma level and change in overnight PEFR. With aminophylline, the 0600 hr plasma levels of theophylline were low in the nine non-responders (mean 6-3 jig/ml) and five had levels 5 The spontaneous variability in nocturnal asthma over any period in excess of one week makes clinical documentation of therapeutic intervention difficult. Nevertheless, it is a common symptom and large quantities of medication are prescribed to control it. The administration of slow-release bronchodilator preparations to prevent these symptoms seems logical, yet very little information is available on the drug plasma levels that can be achieved. Although earlier reports that slow-release sympathomimetics such as salbutamol spandets are helpful in nocturnal asthma,3 there is no information as to the dose of drug required to produce a plasma level that may be considered adequate. Therefore, in addition to measuring plasma levels of salbutamol and theophylline at the end of a week of sustained-release bronchodilator therapy we have compared them to plasma levels achieved during a salbutamol infusion and to known therapeutic levels of theophylline. We chose a salbutamol infusion rate of 8 iLg/kg/hr, a dose which has been shown in chronic asthmatics to produce near maximal bronchodilatation with minimal cardiovascular side effects.8 The plasma levels measured were similar to those achieved with 16 mg of slow-release oral salbu tamol and this would therefore appear to be a dose producing plasma drug levels within the therapeutic range. The long half-life of salbutamol and the presence of detectable salbutamol 24 hours after the last oral dose suggest that therapeutic levels of salbutamol are maintained for longer than just six hours. Nevertheless, there was only a partial protection from nocturnal decreases in PEFR in our patients and there was no correlation between the decrease in PEFR from evening to morning and the plasma salbutamol levels.
Although the circadian pattern of nocturnal asthma has been observed to coincide with a nadir of endogenous catecholamine secretion,9 it would appear that a lack of endogenous P-stimulation is unlikely to be a major cause o. nocturnal asthma as overnight falls in PEFR were still seen in the seven subjects receiving the intravenous infusion of salbutamol which was sufficient to maintain a mean resting heart rate of over 90 beats per minute and to produce noticeable muscle tremor.
It is generally recognised that a therapeutic effect of theophylline compounds is detectable at plasma levels of >5 sug/ml but that maximal improvement only occurs with theophylline levels between 10-20 Lg/ml.'0 In our subjects the theophylline levels at 0600 hr showed a wide scatter and were in the lower therapeutic range with a mean level of 7 iug/ml. Twice daily therapy with 450 mg slow-release aminophylline has been shown to produce levels between 15-20 ,Lg/ml at between four and six hours after the last oral dose." This may, therefore, be a more effective regimen although the plasma half-life of theophylline is known to be variable.10 In addition, the preliminary results of a study using this dose regimen has shown that the overnight falls in PEFR continue and with the higher dose there is an appreciable incidence of side effects. '2 In conclusion, oral slow-release salbutamol and aminophylline have been shown to produce objective improvement of PEFR on waking in half the patients studied in this trial. The changes produced were relatively small, however, and the diurnal pattern of asthma was not abolished despite apparent therapeutic levels of bronchodilator drugs in the early morning. Those patients unresponsive to either salbutamol or aminophylline by mouth all showed rapid increases in PEFR after a standard 200 gLg inhaled dose of salbutamol on wakening, as did those subjects who were judged to have responded to the tablet therapy. The measurement of plasma levels of salbutamo' and theophylline may be useful to A J Fairlax, W R McNabb, H J Davies, and S G Spiro exclude inadequate dosage as a cause for failure to respond to oral therapy. This study has also shown that 16 mg of slow-release salbutamol is likely to produce potentially efficacious drug levels, while 450 mg of slow-release aminophylline may produce suboptimal levels in some subjects. However, the simple administration of adequate doses of a sustained release bronchodilator is unlikely to help more than 50% of patients suffering from nocturnal asthma. 
